Early recognition of colorectal cancer (CRC) in young patients without known genetic predisposition is a challenge, and clinicopathologic features at time of presentation are not well described. We conducted the current study to review these features in a large population of patients with young-onset CRC (initial diagnosis at age e50 yr without established risk factors).
INTRODUCTION
I n the United States, colorectal cancer (CRC) is the third most commonly diagnosed cancer and the second leading cause of cancer death 2, 11 . Rates of CRC from the 2001Y2003 Surveillance, Epidemiology, and End Results (SEER) national cancer registry database estimate that up to 6% of the United States population will develop CRC at some point in their lifetime 16 . Overall, the mean age of diagnosis for cancers of the colon and rectum is 71 years 16 . Historically, the onset of CRC in younger patients was thought to be rare, but recent reports 14, 15 suggest that as many as 7% of patients who develop CRC are under 40 years of age at the time of diagnosis.
Select groups of young patients are known to be at increased CRC risk, such as those with inflammatory bowel disease, hereditary nonpolyposis colon cancer, and polyposis syndromes of the gastrointestinal tract. In this high-risk population, early screening has been shown to reduce mortality from CRC 10 . For young patients who develop CRC, but have no known predisposing genetic risk factors, late diagnosis and poor outcomes may result from the clinician_s failure to consider the possibility of malignant disease in the differential diagnosis.
To our knowledge based on our review of the literature, no large-scale studies have been performed to evaluate young-onset CRC in patients without known genetic predisposition. Moreover, in published series on CRC in younger patients, controversy exists regarding clinical presentation, pathologic features, and stage at presentation 1, 3, 4, 7, 13, 17 . Thus, we conducted the current study to determine the clinical and pathologic features and stage at presentation in a large population of young patients with colorectal malignancy who had no known predisposing genetic risk factors at the time of diagnosis.
PATIENTS AND METHODS
We conducted a retrospective review of all patients between 18 and 50 years of age diagnosed with a primary CRC at our institution between 1976 and 2002. The age of 50 years was used as a cutoff to define Byoung-onset[ because that age is recommended by most medical societies as the time to begin screening for sporadic CRC. Patients were excluded from analysis if they had hereditary nonpolyposis colon cancer, inflammatory bowel disease, polyposis syndrome, or had a positive family history for these conditions. Patients with a positive family history for sporadic colorectal cancer were not excluded from analysis. This study was approved by our Institutional Review Board.
Trained nurse abstractors extracted clinical and pathologic features from the patient record. The location of tumors in the colon was defined as right sided (cecum, ascending colon, hepatic flexure, transverse colon, and splenic flexure) or left sided (descending colon, sigmoid colon), or rectum. Rectal location of lesions was confirmed using pathology reports. Synchronous cancers were considered present if a secondary lesion was found away from the primary tumor at the time of diagnosis or within 1 year. Tumors were classified according to the tumor-node-metastasis (TNM) staging system; if stage could not be determined patients were excluded from analysis.
Statistics
Data were summarized using frequencies and percentages for all categorical variables, and means and standard deviations for all continuous variables. We determined whether distributions of demographic and clinical characteristics -Includes rectosigmoid junction (C19.9) and rectum (C20.9). ' Chi-square tests for categorical variables and t-tests for continuous variables. k Numbers total more than 100% because subjects were allowed to have multiple presenting features. . Includes cecum (ICD-O C18.0), ascending colon (C18.2), hepatic flexure (C18.3), transverse colon (C18.4), splenic flexure (C18.5), descending colon (C18.6), and sigmoid (C18.7).
-Includes rectosigmoid junction (C19.9) and rectum (C20.9). ' Chi-square test. differed in patients with colon compared to rectal cancer using chi-square tests for categorical variables and t-tests for continuous variables. All statistical tests were 2-sided, and all analyses were carried out using the SAS (SAS Institute, Inc., Cary, NC) software system.
RESULTS
During the study period, 31,348 patients were seen at our institution with the diagnosis of colorectal cancer. Of these, 1025 patients were aged 50 years or younger and represent the young-onset cohort. Of this cohort, 181 patients had a first-degree relative, and 79 had a second-degree relative, with colorectal cancer. Mean age at presentation was 42.4 years (SD 6.4), and 585 of these patients were male. Demographic and clinical features of this cohort, separated by rectal or colon location, are outlined in Table 1 .
Eight hundred eighty-six (86%) patients were symptomatic at the time of diagnosis. Patients with rectal cancer were more likely to be male (62% vs. 53%, p = 0.003) and to present with symptoms (90% vs. 83%, p G 0.001), and less likely to be stage 4 at the time of diagnosis (26% vs. 41%, p G 0.001) than patients with colon cancer. Patients with rectal cancer were also more likely to report rectal bleeding (69% vs. 34%, p G 0.001), changes in bowel habits (22% vs. 15%, p G 0.001), and rectal pain (13% vs. 1%, p G 0.001), and less likely to report acute abdominal pain (0% vs. 4%, p G 0.001), chronic abdominal pain (15% vs. 45%, p G 0.001), bloating (5% vs. 10%, p G 0.001), and nausea or vomiting (3% vs. 11%, p G 0.001) compared with patients with colon cancer. Of the 139 asymptomatic patients, evaluations were pursued with the finding of anemia in 19 (14%), positive fecal occult blood test in 10 (7%), abdominal mass in 3 (2%), mass on digital rectal exam in 3 (2%), and other in 110 (80%).
Pathologic features of this cohort are outlined in Table 2 . Synchronous malignant lesions were noted in 11 patients (1%). Figure 1 details the specific subsite location of tumors in the colorectum. The most common site of primary tumor was the rectum (49.1%), followed by left colon (29.1%) and right colon (21.9%). Mucinous and signet cell histology was seen in 11% and 2%, respectively. Most tumors were pathologic grade 2 (54%) or grade 3 (34%). The majority of tumors had either local (stage III = 32%) and or distant (stage IV = 34%) spread upon presentation.
DISCUSSION
Most studies examining the clinical and pathologic features of young patients with CRC do not discern those who have known genetic risk factors from those who do not.
In the current study we aimed to characterize clinical and pathologic features in a unique population of young patients with CRC who had no known risk factors at the time of diagnosis. The main findings of our study are that a majority of young-onset CRC patients were symptomatic at the time of presentation, had predominantly left-sided lesions (rectal and left colon), and presented at a relatively late stage in their disease.
Clinical features at presentation in our cohort are similar to those found in other published series on youngonset CRC. In a review of 55 articles examining patients with CRC aged younger than 40 years, O_Connell and colleagues 14 found that the 2 most common symptoms at presentation were rectal bleeding (46%) and abdominal pain (55%). In our population, patients with rectal cancer most commonly presented with rectal bleeding and change in bowel habits, while patients with colon cancer were more likely to present with chronic abdominal pain, nausea and vomiting, and rectal bleeding.
Most studies on young-onset CRC that examine histologic features note a higher prevalence of mucinous or poorly differentiated tumors, including signet ring type. Using the SEER national cancer database, O_Connell et al 13, 14 compared colon cancer patients between the ages of 20 and 40 years to a group of patients between the ages of 60 and 80 years. Regarding histology, they found that younger patients had more mucinous (15.7% vs. 11.5%) and signet cell (3.8% vs. 0.8%) tumors compared to the older group. Moreover, they found that younger patients had a statistically significant higher percentage of poorly differentiated (27.3% vs 17.2%) and anaplastic (1.6% vs. 0.7%) tumors compared to the older group.
In our cohort, the rate of mucinous (11%) and signet cell (2%) subtypes were comparable to this. In our cohort the breakdown by decade of mucinous histology was the following: 10Y20 year olds (33.3%), 20Y30 year olds (16.7%), 30Y40 year olds (13.7%), and 40Y50 year olds (9.29%). Based on these findings we believe that younger patients with CRC have a higher rate of mucinous histology compared to older (aged 950 yr) patients. Both of these histologic features, along with tumor infiltrating lymphocytes, are common among tumors that arise due to defective DNA mismatch repair (MMR). Defective DNA MMR is the genetic or epigenetic defect that leads to the hereditary CRC associated with Lynch syndrome and germline mutations in the MMR genes, or to the older-onset CRC secondary to DNA MMR inactivation from hypermethylation of the promoter. Between 17% and 31% of young-onset CRC will exhibit defective DNA MMR. These tumors have a distinct clinical picture of tending to arise in the right side of the colon, with a better prognosis than CRC with intact DNA MMR. DNA MMR status is not available in either the current study or that of O_Connell et al, although in the current study we did exclude patients with youngonset CRC who had a diagnosis of Lynch syndrome. We found that a majority of our patients were diagnosed with advanced disease at the time of presentation, which is consistent with other reports in the literature 4, 6, 8, 14, 17 . A 2006 analysis of over 42,000 patients from the National Program of Cancer Registries and SEER databases revealed that persons aged younger than 50 years presented with less localized (29.7% vs. 35.1%) and more distant (21.9% vs. 16.0%) disease compared with older adults 5 . Moreover, in that review, proximal colon cancers were less frequent in persons aged younger than 50 years than among older adults (32.1% vs. 42.6%), and ageadjusted incidence rates were highest for rectal cancers in persons aged younger than 50 years. In our cohort, rectal cancers were more common than proximal colon cancers (49.1% vs. 21.9%), and 66% of patients presented with either stage III or IV disease.
Late presentation raises the issue of why diagnosis is not made earlier. Several reports published on youngonset CRC discuss the issue of delay in diagnosis. We were unable to address this because of the referral nature of our practice and the difficulty of determining an accurate date on which symptoms began for most patients. Others 14 report that delays are a result of patient-related factors, such as lack of access, ignoring symptoms, and patient denial, and physician-related factors, such as misdiagnosis. A study 9 that specifically examined physician-related factors in late diagnosis found that at least 50% of patients had a physicianrelated delay in diagnosis.
The current study was intentionally designed to focus on the clinicopathologic features of young-onset CRC patients in order to develop a profile of this subgroup that may facilitate early recognition of this entity. One of the major strengths of this study is that the results confirm that in a large group of Blow-risk[ young patients with CRC symptoms (such as rectal bleeding, change in bowel habits, and chronic abdominal pain), these symptoms should raise suspicion of an underlying colorectal lesion. Moreover, the detailed and complete medical record kept of cancer patients allowed for very accurate and thorough reviews of clinical and pathologic features.
One limitation of the current study is that it is a referral-based population and not a population-based cohort. Despite this, most of the population-based studies revealed similar findings to ours regarding clinical presentation and pathologic features. Because of our tertiary-care setting, the overall percentage of patients identified as being symptomatic may be biased, but chart abstraction in terms of clinical presentation focused on the symptoms the patients went to see a doctor for, whether it was at our institution initially or at another facility before referral. Another limitation to our study is that many patients in this cohort
have not yet undergone testing for microsatellite instability, either because clinicians did not order it, or because patients presented with their disease before testing was available.
Our future direction regarding this database is to identify and test patients from this cohort who have a strong potential (fulfill Amsterdam Criteria) for being positive for the gene defects seen in patients with hereditary nonpolyposis colon cancer to see if this biases our current results. It is our impression that a large majority of this cohort will test negative and remain without any known genetic risk factor for young-onset CRC. It may be that with more extensive genetic analysis of this cohort_s pathology, a yet Bundiscovered genetic defect[ will be elucidated that could lead to the identification of a new high-risk group of patients susceptible to young-onset CRC. Centers in many parts of the world are actively investigating this possibility, and a group in France has recently published data suggesting that a tumor suppressor gene located on chromosome 14 might have an important role in microsatellite stable colon carcinogenesis 12 . Only through a discovery of this type, and clinical awareness, can the morbidity and mortality of these young patients be improved.
Conclusion
The uncommon occurrence of CRC in young adults with no predisposing genetic risk factors demands maintaining a high index of suspicion when people aged 50 years or younger present with symptoms of abdominal pain and hematochezia. In the current study we report data from what is, to our knowledge, the largest cohort of young-onset CRC patients not known to fall into any high-risk group. Based on our findings, most patients are symptomatic at the time of presentation, with the majority having rectal bleeding and chronic abdominal pain. The majority of tumors were located in the sigmoid colon and rectum, which can easily be reached with flexible sigmoidoscopy. Our findings should promote increased awareness and aggressive pursuit of symptoms in young patients with the possibility that these symptoms may represent an underlying colorectal malignancy.
